Nepal earthquake of 25 th April 2015 and subsequent big aftershocks impacted people, land, and water resources significantly. Following the devastating earthquake, land and water management has become one of the primary focus of the Government of Nepal as these resources are foundations of people's livelihood and prosperity. The weakened, cracked, and destabilized slopes and surfaces due to the earthquake become even more susceptible to landslides that can be aggravated due to rainfall and inappropriate anthropogenic activities. Due to the devastating earthquake, 31 districts of Nepal out of 75 were affected with 14 being severely affected resulted huge loss of human life, property, and ecosystem services. These 14 districts were categorized as severely hit and crisis hit districts by the post disaster need assessment (PDNA) carried out by Government of Nepal. Nuwakot district is one of the severely hit district. In order to reduce vulnerability and/or threat of potential landslide disasters and protect local people, infrastructures, land and water resources from potential landslide disaster, identification of the most susceptible slopes as well as treatment and mitigation of the most critical landslides deemed essential. This study has identified the landslides and its impact within different VDCs of Nuwakot district. The mitigation measures for the urgent and treatable landslides are purposed with the tentative estimation of the cost and prioritized them based on the social, environmental and economic criteria. Out of 542 landslides identified, 105 landslides were studied in detail based on social and physical risk. The study showed that the northern part of the district is more susceptible to landslides and consequent disaster. VDCs like Bhalche, Ghyangphedi, Salme, Urleni, Kimlang, Lachyang, Ralukadevi are more susceptible to the landslides in Nuwakot district.
INTRODUCTION
Landslide is most prominent hazard in mountainous region in all around the world (Gerrard 1994; Larsen 2001) . A global data set of fatalities from non-seismically triggered landslides that resulted in loss of life between 2004 and 2010 reported that a total of 2620 fatal landslides were recorded worldwide during the 7 years period of the study, causing a total of 32,322 recorded fatalities (roughly 4600 people each year), the majority of human losses occur in Asia, especially along the Himalayan Arc (Petley 2012) . Landslides are one of the main natural disasters responsible for huge social and economic losses in Nepal. The number of deaths due to landslide and flood has remained significantly high (Dhital 2005) . Floods and landslides are common during the monsoon season and invariably kill a large number of people and destroy or damage properties. The flood and landslide disasters of 1993, 2008 and 2014 are the most devastating which have caused enormous loss to human lives and physical properties. According to the data of Ministry of Home Affairs, the floods and landslide disasters of the year 2013 claimed the lives of 219 people and 241 people lost their lives in the year 2014 (MoHA and DPNet 2015) . Identification of landslide susceptible slopes/areas and effective prevention works help preparedness and mitigate the impact of landslide disaster which begins with landslide susceptibility mapping. Landslide susceptibility is defined as likelihood of landslide occurring in an area controlled by their local terrain conditions (Brabb 1984) . Thus produced susceptible maps would be supportive tools to identify potentially future landslide occurrence area.
In Nepal, urgency of landslide susceptible areas zonation was realized after catastrophic earthquake of 25 th April 2015. Due to earthquake 31 districts were affected, out of which 14 districts were categorized as severely hit and crisis hit districts by the Post Disaster Need Assessment (PDNA) carried out by Government of Nepal. PDNA has identified seven districts namely Gorkha, Dhading, Nuwakot, Rasuwa, Sindhupalchowk, Dolakha, and Ramechhap as severely hit districts. Besides human casualties and huge economic-loss, the earthquake triggered numerous landslides which affected the lives and livelihood of local people. The weakened, cracked, and destabilized slopes and surfaces, after shaken by the main 25 th April Earthquakes and its after shocked have become even more susceptible to landslides that can be aggravated due to rainfall and by further working on those land systems.
These landslides and accelerated soil erosion in upstream of watersheds due to rainfall/runoff or by other means may cause flooding and huge amount of sediment deposition in the downstream areas.
In post-earthquake scenario, Government of Nepal has highly prioritized the recovery works, mitigation measures and supporting people to overcome from the disaster. As land and water resources and eco systems are majorly impacted by the earthquake, many development partners are supporting on land protection and water management. Department of Soil Conservation and Watershed Management (DSCWM) has major mandates to work on the landslide treatment and mitigation measures to protect people, settlements, development infrastructures, water and land resources. Immediately after earthquake, District Soil Conservation Offices (DSCOs) started preparatory and relief works with the resources that they had and by the additional financial resources provided by Government of Nepal at the time. Then DSCWM has prioritized its works and allocated resources for the earthquake induced landslides mitigation and prevention activities.
Although different agencies has been engaged in working on the landslide inventory and hazard assessment, it has been realized that there are still gaps in terms of the reliable primary database related to the scale and types of landslides, current and possible future impacts due to landslides, urgency for the treatment, treatability of the landslides and major on recommendation for the structural and non-structural measures to treat the landslides. So before the time of implementation, government and other supporting agencies are in need to work on the landslide assessment more on identifying critical landslides, segregating landslide to be treated immediately with high priority, planning and recommendation for different conservation /mitigation measures (activities to be undertaken on critical landslides identified) in different watersheds/subwatersheds of landslide affected districts. In this context, landslide inventory with identification of their types, vulnerability status, and appropriate measures for mitigation are most crucial.
STUDY AREA
Nuwakot is one of the seven severely affected districts by earthquake of 25 th April 2015. It lies to the north of Kathmandu (Fig. 1) . Trishuli River, one of the major river in the Gandaki Basin, flows through the district that drains out many small watersheds. There are numbers of landslides that were induced before and after earthquake needs to be studied for treatment or mitigation measures. mitigation measures.
METHODOLOGY

Landslide inventory and classification
Landslide inventory of pre-earthquake period (i.e., prior to Gorkha earthquake) was accomplished with digitization on Google Earth image prior to April 2015. Similarly, postearthquake landslides were digitized from the Google Earth image, published after earthquake events. Landslides are broadly categorized into i) Landslide and erosion (Le), ii) Debris flow and erosion (De), iii) Rock fall and erosion (Fl), and iv) Complex slope failure (EDL), taking consideration of nature of mass wasting, their shape, tune, texture and area.
Location information of such extracted landslides was transferred to GPS for field verification and update. Similarly, color print of higher resolution Google image with landslide polygon were provided to field teams. During field visit all available information such as their types, geo-engineering properties of place, landslide initiated year, associated risk and possible mitigation measures were collected. Locations of all visited landslides were marked by GPS and sketches were drawn. Elements at risk, such as house unit, cultivation, school, road, bridge and others were attributed to each digitized landslide. Thus produced database were then used to update and validate the Google earth interpretation.
Generation of landslide contributing parameters
Altogether 13 landslide contributing parameters were prepared in Arc-GIS environment. These parameters are broadly categorized into four domains: i) Topographic domain (Aspect, Elevation, Relative relief, Slope gradient, Slope shape, and Topographic position index), ii) Hydrological domain (Annual rainfall, Drainage density, Topographic wetness index, and Stream power index), iii) Anthropogenic domain (Land-use/ Land-cover and NDVI), and iv) Geology (rock/soil).
Bivariate statistical analysis
Landslide susceptibility map was prepared by using the GIS based bivariate statistical technique, which is widely accepted scientific methodology. It is common to assume that landslide occurrence is determined by landslide inducing factors, and that future landslides will occur under the same conditions as past landslides did. For this analysis, all the landslides except rock falls and slides are incorporated. The quantitative analysis used here is called the landslide index method. A weight-value for a parameter class, such as a certain lithological unit or a certain slope class is defined as the natural logarithm of the landslide density in the class divided by the landslide density in the entire map (van Westen 1997).
i.e. Wi = (Density class/Density map) where, Wi = Weight assigned to certain parameters class. Density Class = the landslide density within the parameter class. Density Map = the landslide density within the entire map. Li = Area, which contain landslide, in a certain parameter class. Ai = Total area, in a certain parameter class.
The method is based on map crossing of landslide map with a certain parameter map. Map crossing results in a cross table can be used to calculate the density of landslide per parameter class. Landslide susceptibility index (LSI) is determined by summation of each factor's ratings using equation (Lee and Pradhan 2006) . Where, Wi = Weight assigned to each i parameters N = Total number of parameters Then, the reclassification procedure was utilized for reclassifying the LSI map into five different landslide susceptibility zones: very low, low, moderate, high and very high.
Prioritization of landslides for mitigation measures
All the landslides are enlisted and ranked on the basis of vulnerability and treatability. This list of prioritization of landslides helps to choose the most critical one at first for the mitigation. For the purpose of landslide ranking and prioritization, a rating table was developed on the basis of seven different attributes and their respective classes (Table 1) . For each attribute class, a minimum rating value of 1 and the maximum of 4 were assigned. For some complex landslides, where more than one failure type occurred, the rating value was calculated by averaging the rating of each involved class. A total rating for each landslide type was obtained by multiplying the ratings of the seven attributes listed in Table 1 . For the purpose of prioritizing landslide control and mitigation works, the total rating was then arranged in an ascending order and the landslides were prioritized accordingly.
RESULTS AND DISCUSSION
Landslide distribution
A total number of 542 landslides are mapped in the study area (Fig. 2) . These landslides range from very small with an area of 0.1 sq. m. to very large with an area more than 140,000 sq. m. The study shows that there was a dominance of complex landslides in the study area before earthquake, while the shallow rock falls have been mapped in large numbers after the Gorkha earthquake 2015 (Fig. 3) . 
Causative factors and landslide susceptibility map
There is a relationship between landslide occurrence and internal classes of each causative parameters. The result shows that most of the landslides (45.3% of total landslides) occurred in intermediate slope class or between 25-35 degree slopes (Fig. 4) . Similarly, most of the landslides (i.e., 51.7%) occurred in the concave slope terrain, which might be favorable for landslides because of holding moisture effectively. There is high occurrence of landslides in cultivated land (31.1%), followed by grassland (24.7%), and shrub /bush lands, where 21.6% of landslides have been occurred. Intermediate slope class seems more favorable for the landslides because it is very close to the internal frictional angle of most of the rock and soil materials in the hilly region of Nepal. The weight assured by the classes of each parameter directly indicates its importance in causing landslide. If the weight is positive and higher, the factor is favorable for landslide, whereas if it is negative, it is unfavorable. For instance, cutting feature in land cover acquired the highest positive weight among all which indicates that previous slope failure areas have maximum chances of potential failure ( Table 2) . As landslide susceptible zonation is a product of multiple factors summed up to their weightage values, the landslide susceptibility map shows the combined effect of all the landslide causative factors. The landslide susceptibility map of the study area was prepared using landslide susceptibility index (LSI) method, in which the weightage for each parameter was calculated by crossing them with different types of landslides except rock falls and slides. The landslide susceptibility map (Fig. 5) is categorized into five classes to show the different levels of landslide hazard in the study area. About 16% of the total area lies under very high landslide susceptibility zone in the study area (Table 3) . 
Susceptibility Class Area (sq km) Percentage (%)
Landslide ranking, prioritization, and recommendation of mitigation measures
A total of 46 landslides are mapped to be more critical based on their exposure to physical and social risks. To make more practical and ease to treat or mitigate these landslides, they are ranked in an order of urgency. The prioritized landslides with their relative rank are presented in Table 4 . Though it is necessary to carry out detailed site survey before the implementation of mitigation measures, the present study gives an overview of treatment or mitigation measures. The details of landslide control measures can also be referred from Deoja et al. (1991) and Howell (1999) . Landslide treatment or mitigation measures are designed and costs are estimated by following guidelines that was approved by Department of Soil Conservation and Watershed Management (DSCWM 2016). Site specific control or mitigation measures are recommended (Table 5 ; Fig. 6 ). Since these recommendations are made based on preliminary field survey alone, a detailed site investigation will be required before implementation of mitigation measures.
CONCLUSIONS
Different types of landslides (rock falls, debris flows, rock slides, and debris falls) caused by 2015 Gorkha earthquake as well as torrential rainfalls during the monsoon had damaging effects and caused serious threats to life and property in the Nuwakot district. The damage was confined mainly to steep cut slopes (by river scouring and road cut), rock cliffs, and erosive gullies with fractured rock or colluvium. Most of the triggered slides comprise shallow (less than 5 m deep) and short sliding part but the run out materials reach quite far.
Landslide susceptibility map is a result of combination of various landslide causative parameters, such as existing landslides, hydrological and wetness index, land use and vegetative index, geological setting, topographical and morphological setting that depict the landslide susceptible areas in the study area. It excludes the existing rock falls and rock slides. Rock fall susceptibility map shows the potential rock fall and/or slide sides in the study area. Owing to the lack of good DEM and the temporal landslide occurrence data and rainfall intensities, it is not possible to prepare event based landslide hazard map. On the other hand, the entire region suffered from almost complete building collapse due to earthquake shaking. So, physical vulnerability and risk assessment of the district was not appropriate. Instead, a proper methodology for social vulnerability analysis is presented.
A proper landslide ranking and prioritization is proposed. There are some essential mitigation measures suggested for prioritized landslides based on field survey with satellite image analysis that may require further modification and detailed survey before the implementation of treatment or mitigation activities. Table 5 ).
